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Abstract - The propagation model of communication systems was used Propagation from outdoor to indoor 
building.  On the inside, that building used partition with brick. That propagation condition used downlink 
condition from the mobile station side. The communication frequency used 10 GHz. Some parameter variation 
was used in this research, such as radio base station coverage, mobile station location of the building, and code 
rate communication. The coverage variation of radio base stations used femtocell and picocell as a  result 
described signal to noise ratio (SNR) at every node communication, adaptive modulation and coding (AMC) 
variation, and coverage area percentage in the building. AMC was used for adaptation MCS at the 
communication. The modulation and coding scheme (MCS) was used, consist of QPSK, 16 QAM, and 64 QAM. 





The technology of cellular communication keeps 
developing. Some research was related to 
communication systems from outdoor to indoor 
consist of propagation measurement at indoor used 
millimeter wave for wireless network 5G [1], and 
outdoor to indoor for path loss model at picocell and 
femtocell [2]. Some research was related with usage 
femtocell or picocell such as resource allocation 
schemes for cognitive LTE-A femtocells [3], 
femtocell enhanced multi-target spectrum allocation 
strategy in LTE-A Het Nets [4], code rate was 
influenced from communication systems at RBS 
femtocell at street pole lamp [5], and RBS femtocell 
propagation at street pole lamp used 10 GHz 
frequency [6]. 
The build ing caused the diffraction mechanism. 
Some research was related to that diffraction, such as 
mobile communication systems with diffraction 
propagation around the building environment [7], and 
mobile communication systems were influenced by a 
tree that used Giovanelli Knife Edge method with 2.3 
GHz frequency [8]. Some research was related to 
OFDM at mobile communication systems such as 
OFDM and OFDMA with DFT based [9], edge 
windowing for communication systems with OFDM 
based [10], and algorithm allocation for OFDM 
systems [11]. 
Millimeter-wave can be used in communication 
systems. Some research was related to millimeter-
wave such as determination location for mobile 
station around the building with AoA method at 47 
GHz frequency [12], multipath effect around the 
building environment for mobile communication was 
used 47 GHz frequency [13], millimeter-wave for 5G 
communica tion at small area [14], millimeter-wave 
communication of 5G at wireless network [15], 
Propagation was depended with an angle for cellular 
and wireless communication [16], Propagation for 
mobile communication around tree used OFDM-
QAM at 10 GHz [17], self-backhauling with flexib le 
reuse of the resources for access and backhaul in  a 
street scenario with 5G network  [18], the millimeter-
wave network for self-backhauling relay nodes and 
centralized transmission coordination [19], and 
performance of in-band self-backhauling with 
integrated access and backhaul in a real-life street 
canyon scenario for 5G systems [20]. 
This research described the communication 
systems from outdoor to indoor in the building with 
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adaptive modulation and coding (AMC). Frequency 
communication used 10 GHz. That frequency was 
influenced by atmospheric attenuation such as oxygen 
and water vapor. The coverage variation of radio base 
station (RBS) used femtocell and picocell. The mobile 
station was located with a distance variation on every 
floor in the building. The partition at every room was 
used by brick. The Propagation of communication 
systems was influenced by the permeability of brick. 
As a result, was described adjustment of AMC at 
communication, signal to noise ratio (SNR), and 
coverage area percentage. Modulation and coding 
scheme (MCS) were based on threshold modulation 
value. That modulation and coding scheme was used 
for AMC. Modulation and coding scheme was used 
consist of QPSK, 16 QAM, and 64 QAM. The 
research was related to this research, such as AMC 
around the building environment for the mobile 
station communication a t the train [21]. 
The propagation communication was influenced 
by atmospheric attenuation and brick permeability 
attenuation. The communication frequency used 10 
GHz. RBS femtocell was located outdoor, and the 
mobile station was placed indoor. The variation of the 
mobile location station was placed in every brick 
partition. The diffraction mechanism was propagated 
from the transmitter to the receiver. That diffraction 
mechanism was modeled with a single knife-edge 
method. 
II. RESEARCH METHOD 
A. Environment Model 
The transmitter location existed at outdoor in the 
building. The RBS coverage variation was used, 
consist of femtocell and picocell. RBS was placed  
near the street with a high of 30 meters, showed in 
Fig.1. That figure was showed the communication 
propagation from the transmitter to the receiver inside 
the building. The mobile station was showed with a 
node at every brick partition and every floor. The 
diffraction mechanism was caused by the building. 
The diffraction was modeled by a single knife-edge 
method [22]. The detail of a  single knife-edge method 
was shown in Fig. 2 [21]. 
 
 




Fig. 2. Single Knife-Edge Diffraction Model 
B. Knife-Edge 
The equation for a  single knife-edge method could 
be seen in  equation (1). v  parameter was represented 
as Fresnel Kirchoff [22]. λ parameter was represented 
as long wave (m), h parameter was represented as 
high of diffraction (meter), d1 parameter was 
represented as transmitter distance through the node 
(meter), and d2 parameter was represented as receiver 
distance through the node (meter). 
𝑣 = ℎ √




𝜆 (𝑑1 +  𝑑2)
 (1) 
Figure 3 was showed communication propagation 
in the first building. That building was used three 
floors. Every  floor was available in  rooms. That room 
was a partition with brick. That brick was used 
permeability of 3,4. 
The communication system from outdoor to 
indoor at another the build ing was showed  in  Fig. 4. 
The second building was modeled with more partition 
and more floor than the first building. SNR value was 
shown in equation (2). The transmitter power of 
femtocell was used 14 dBm. s parameter was signal 
value, N was noise power, and SNR value was signal 
to noise ratio [22]. 
 
Fig. 3. The Outdoor to Indoor Propagation at The First Building 
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Fig. 4. The Outdoor to Indoor Propagation at The Second Building 




N parameter, as shown in equation (3). K 
parameter was Boltzman constant, B parameter was 
bandwidth, F parameter was noise figure, T parameter 
was standard noise temperature (290oK) [22]. F value 
was used 5 dB for LTE, and B value was used 3 MHz 
of OFDM (Orthogonal Frequency Division 
Multiplexing) [23]. 
𝑁 = 𝑘 𝑇𝑜 𝐵 𝐹 (3) 
The attenuations of communication were caused 
by atmospheric attenuation and material permeability 
attenuation. Atmospheric attenuations were 
influenced by oxygen, and water vapor could be 
observed at equation (4) [24]. 𝛾 and 𝑟𝑜  parameter was 
described gaseous attenuation, and path length (km). 
𝐴 =  𝛾𝑟𝑜  𝑑𝐵 (4) 
The AMC process was based on a modulation and 
coding scheme (MCS). MCS has used, such as QPSK, 
16 QAM, and 64 QAM [25]. Modulation of QPSK 
has used some code rates consist of 1/8, 1/5. 1/4, 1/3, 
1/2, 2/3, 3/4, and 4/5. Modulation of 16 QAM was 
used; some code rates consist of 1/2, 2/3, 3/4, and 4/5. 
Modulation of 64 QAM was used; some code rates 
consist of 2/3, 3/4, and 4/5. The AMC process at 
communication propagation was based on threshold 
modulation and coding schemes. 
 
Fig. 5. SNR Femtocell 
 
Fig. 6. AMC Modulation Femtocell at The Building 
III. RESULT 
This section described research results for the 
communication of building from outdoor to indoor. 
The communication frequency was used by 10 GHz. 
That frequency was influenced by attenuation 
atmospheric from oxygen and water vapor. Some 
analysis variations were used consist  of partition, the 
floor at the building, cell area, and MCS. The cell 
area of RBS was used, such as femtocell and picocell. 
MCS was used consist of QPSK, 16 QAM, and 64 
QAM. The propagation attenuation through the 
building was influenced by brick permeability of 
every partition in the building. 
Figure 5 showed SNR value for femtocell 
communication systems. F1 described the first floor, 
F2 described the second floor, F3 described the third 
floor, F4 described the fourth floor, and F5 was 
described the five-floor. The high of each floor was 
used 5 meters. Fig.6 showed AMC from the 
modulation and coding scheme when used femtocell 
communication systems. That figure showed 
communication propagation of building when 
communication was used femtocell. Number 1 until 
number 15 was described modulation and coding 
scheme variation such as number 1 of QPSK code 
rate 1/8, number 2 of QPSK code rate 1/5, number 3 
of QPSK code rate 1/4, number 4 of QPSK code rate 
1/3, number 5 of QPSK code rate 1/2, number 6 of 
QPSK code rate 2/3, number 7 of QPSK code rate 3/4, 
number 8 of QPSK code rate 4/5, number 9 of 16 
QAM code rate 1/2, number 10 of 16 QAM code rate 
2/3, number 11 of 16 QAM code rate 3/4, number 12 
of 16 QAM code rate 4/5, number 13 of 64 QAM 
code rate 2/3, number 14 of 64 QAM code rate 3/4, 
and number 15 of 64 QAM code rate 4/5.  
The first build ing was used three floors. The 
second building was used five floors. Every floor in 
the first building was used five partitions, and the 
second building at every floor was used three 
partitions. That partition used bricks.  Some data  was 
obtained at the first  build ing, such as the second floor 
at the first partition with a distance of 222.63 meters 
and AMC of 16 QAM code rate 2/3obtained SNR 
12.08 dB, and the third partition with a distance of 
322.59 meters obtained SNR -31.41 dB. The third 
floor of the first partition with a distance of 222.09 
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meters and AMC of 16 QAM code rate 2/3 obtained 
SNR 12.1 dB, and the third partition with a distance 
of 322.05 meters and AMC of QPSK code rate 1/2 
obtained SNR 2.07 dB. Some data  was obtained at the 
second building, such as the second floor of the first 
partition with a distance of 396.82 meters and AMC 
of QPSK code rate 4/5 obtained SNR 7.06 dB, and the 
third partition with a distance of 496.77 meters and 
AMC of QPSK code rate 1/4 obtained SNR -1.69  dB. 
The third floor of the first partition with a distance of 
396.57 meters and AMC of QPSK code rate 1/3 
obtained SNR -0.37 dB, and the third partition with a 
distance of 496.52 meters and AMC of QPSK code 
rate 1/4 obtained SNR -1.69 dB. 
 
 
Fig. 7. SNR Picocell 
 
 
Fig. 8. AMC Modulation Picocell at The Building 
 
 
Fig. 9. The Percentage Coverage Area for Femtocell and Picocell 
Figure 7 showed  SNR value for p icocell 
communication systems. Fig. 8 showed AMC from 
the modulation and coding scheme for picocell at the 
buildings. That figure showed the communication 
propagation for two buildings when communication 
was used picocell. Some data was obtained at the first 
building, such as on the second floor of the first 
partition with a distance of 222.63 meters and AMC 
of 64 QAM code rate 4/5 obtained SNR 21.08 dB, 
and the third partition with a distance of 322.59 
meters obtained SNR -22.40 dB. The third f loor of the 
first partition with a distance of 222.09 meters and 
AMC of 64 QAM code rate 4/5 obtained SNR 21.1 
dB, and the third partition with a distance of 322.05 
meters and AMC of 16 QAM code rate 1/2 obtained 
SNR 11.07 dB. Some data  was obtained at the second 
building such as at the second floor of the first 
partition with a distance of 396.82 meters and AMC 
of 64 QAM  code rate 2/3 obtained SNR 16.06 dB, 
and the third partition with a distance of 496.77 
meters and AMC of QPSK code rate 4/5 obtained 
SNR 7.3 dB. The third floor of the first partition with 
a distance of 396.57 meters and AMC of 16 QAM 
code rate ½ obtained SNR 8.63 dB, and the third 
partition with a distance of 496.52 meters and AMC 
of QPSK code rate 4/5 obtained SNR 7.3 dB. 
Figure 9 showed  the percentage of coverage area 
in the second building with femtocell and picocell. 
That figure described the percentage of coverage area 
on the first floor less than other floors. That effect 
was caused by diffraction through the building. 
Diffraction at this research was modeled with a single 
knife-edge method. The percentage of the coverage 
area for femtocell was consist of the first build ing of 
the second floor obtained 40%, and the third floor 
obtained 80%, the second building of the second floor 
obtained 100%, and the third floor obtained 100%. 
The percentage of the coverage area  for picocell was 
consist of the first  building of the second floor 
obtained 40%, and the third floor obtained 100%, the 
second building of the second floor obtained 100%, 
and the third floor obtained 100%. 
IV. DISCUSSION 
This sect ion described the discussion from the 
research result. This research analyzed the 
communication of building from outdoor to indoor. 
Every partition was caused by the permeability of 
brick. The coverage communication was used 
femtocell and picocell. The communication model has 
used the building environment so that the propagation 
method for obstacle was used as a single knife-edge 
method. AMC process was based on MCS, such as 
QPSK, 16 QAM, and 64 QAM. The higher location 
of the mobile station was placed in the inside building 
but still lower than the radio base station location so 
that the SNR value will be increase. The condition 
coverage at the radio base station was used, such as 
femtocell and picocell. Some data was obtained for 
femtocell condition at the first building, such as the 
second floor of the first partition with 16 QAM code 
rate 2/3 obtained SNR 12.08 dB. The third partition 
obtained -31.41 dB, the third floor of the first 
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partition with 16 QAM code rate 2/3 obtained SNR 
12.1 dB, and the third partition with QPSK code rate 
1/2 obtained 2.07 dB. Some data was obtained for 
picocell condition at the first building, such as the 
second floor of the first partition with 64 QAM code 
rate 4/5 obtained SNR 21.08 dB. The third partition 
obtained -22.40 dB, the third floor of the first 
partition with 64 QAM code rate 4/5 obtained SNR 
21.1 dB, and the third partition with 16 QAM code 
rate ½ obtained 11.07 dB. 
V. CONCLUSION 
This sect ion was described the research 
conclusion about communication systems of building 
from outdoor to indoor with AMC at 10 GHz. That 
frequency was influenced by atmospheric attenuation. 
The Propagation through the building was an obstacle 
with brick permeability at every partition in  the inside 
building. That obstacle was caused by a diffraction 
mechanism. That diffraction modeled by a single 
knife-edge method. The cell variation used picocell 
and femtocell. SNR value obtained picocell h igher 
than femtocell.  The more elevated location of the 
mobile station at the building but still lower than the 
radio base station location, so the SNR will be 
increased. The decrease of SNR was caused by brick 
partition attenuation and communication diffraction. 
AMC process used modulation and coding scheme 
with a high threshold such as femtocell of 16 QAM 
code rate 2/3, and picocell 64 QAM code rate 4/5. 
The nearer the MS loca tion, the higher the MCS 
variation was used. Further research development 
such as SIMO, MISO, MIMO. 
REFERENCES 
[1] G.R. MacCartney, T.S. Rappaport, S. Sun, and S. 
Deng, “Indoor Office Wideband Millimeter-Wave 
Propagation Measurements and Channel Models at 28 
and 73 GHz for Ultra-Dense 5G Wireless Networks,” 
IEEE Access, 2015. 
[2]  G.Castro, R.Feick, M.Rodriguez, R.Vanezuela, and 
D.Chizhik, “Outdoor-to-Indoor Empirical Path Loss 
Models: Analysis For Pico and Femto Cells in Street 
Canyons,” IEEE Wireless Communications Letters, 
2016. 
[3]  G.Bartoli, R.Fantacci, D. Marabissi, and M.Pucci, 
“Resource Allocation Schemes for Cognitive LTE-A 
Femto-cells using Zero-Forcing Beamforming and 
Users Selection, ”Globecom Wireless 
Communications Symposium, 2014. 
[4]  C.Niu, Y.Li, R.Qingyang, and F.Ye, “Femtocell-
enhanced multi-target spectrum allocation strategy in 
LTE-A HetNets,” IET communications, 2016 
[5] A.C. Eska, “Pengaruh Code Rate untuk Komunikasi 
RBS Femtocell Frekuensi 47 GHz pada Tiang Lampu 
Jalan,” Jurnal Infotel, Vol.9, No.4, 2017. 
[6] A.C. Eska, “Propagasi Komunikasi Radio Base 
Station Femtocell padaTiang Lampu Jalan Frekuensi 
10 GHz,” Jurnal Infotel, Vol.9, No.4, 2017.  
[7] A.C. Eska, and G. Hendrantoro, “Preliminary study 
on the effect of building-induced diffraction upon 
millimeter wave mobile communications systems  
with macrodiversity,” TSSA, 2012. 
[8]  A.C. Eska, “Komunikasi Bergerak Frekuensi 2.3 GHz 
Melewati Pepohonan Menggunakan Metode 
Giovanelli Knife Edge,” Jurnal  Infotel, Vol. 8, No.1, 
2016. 
[9] T.W. Wu, and C.D. Chung, “Spectrally Precoded 
DFT-Based OFDM and OFDMA with 
Oversampling,” IEEE Transactions on Vehicular 
Technology, Vol. 63, No.6, 2014. 
[10] A. Shanin, and H. Arslan, “Edge Windowing for 
OFDM Based Systems,” IEEE Communications  
Letters, Vol. 15, No.11, 2011. 
[11] S. Wang, “Efficient Resource Allocation Algorithm 
for Cognitive OFDM Systems,” IEEE 
Communications Letters, Vol. 14, No.8, 2010. 
[12] A.C. Eska, “Determination of MS Location through 
Building Using AoA Method of Frequency 47 GHz,” 
IJITEE, Vol.1, No.3, 2017. 
[13] A.C. Eska, “Multipath Effects in Building 
Environment Toward Bandwidth Enhancement for 
Mobile Communication of 47 GHz Frequency,” 
Jurnal Infotel, Vol. 10, No.1, 2018. 
[14] T.S. Rappaport,  G.R. MacCartney, S. Sun, H. Yan, 
and S. Deng, “Small-Scale, Local Area, and 
Transitional Millimeter Wave Propagation for 5G 
Communications,” IEEE Transactions on Antennas 
and Propagation, Vol. 65, No.12, 2017. 
[15]  T.S. Rappaport, Y. Xing, G.R. MacCartney, A.F. 
Molisch, and E. Mellios, J. Zhang, “Overview of 
Millimeter Wave Communications for Fifth-
Generation (5G) Wireless Networks-With a Focus on 
Propagation Models,” IEEE Transactions on 
Antennas and Propagation, Vol. 65, No.12, 2017. 
[16] T.S. Rappaport, E.B. Dor, J.N. Murdock, and Y. Qiao, 
“38 GHz and 60 GHz Angle-dependent Propagation 
for Cellular & Peer-to-Peer Wireless 
Communications,” IEEE ICC Wireless 
Communications Symposium, 2012. 
[17]  A.C. Eska, “Propagation of Mobile Communication 
with Tree Obstacle used OFDM-QAM at 10 GHz,” 
JurnalInfotel, Vol.11, No.3, 2019. 
[18] A. Lukowa, V. Venkatasubramanian, P. 
Marsch,“Dynamic Self – Backhauling in 5G 
Networks,” IEEE 29th Annual International 
Symposium on PIMRC, 2018. 
[19] A. Lukowa, V. Venkatasubramanian, “Dynamic In-
Band Selft-Backhauling with Interference 
Cancellation,” IEEE Conference on Standards for 
Communications and Networking (CSCN), 2018. 
[20] A.Lukowa, V. Venkatasubramanian, “Dynamic In-
band Self-backhauling for 5G Systems with Inter-cell 
Resource Coordination,” International Journal of  
Wireless Information Networks, 2019. 
[21]  A.C. Eska, “Adaptive Modulation and Coding around 
Building Environment for Mobile Station 
Communication at The Train,” EMITTER, Vol.6, 
No.2, 2018. 
[22] J.S. Seybold, Introduction to RF Propagation. John 
Wiley & Sons (New Jersey), 2005. 
[23] A.C. Eska, Jaringan Komunikasi Selular, UPT 
Percetakan & Penerbitan Universitas Jember. ISBN: 
978-602-5617-43-0, 2018. 
[24] ITU, ITU-R Radio Communication Sector of ITU 
(Attenuation by atmospheric gases) ITU-R P.676-10. 
Electronic Publication (Geneva), 2013. 
[25]  O. Werther, LTE System Specifications, and their 
Impact on RF & Base Band Circuits. Rohde 
&Schwarz, 2013.  
